Introduction
[2] The Variscan orogen in western Europe (Figure 1a ) has been interpreted as the result of late Paleozoic collision between a part of NW Gondwana, and a continent to the NW, possibly Baltica or North America [Brun and Burg, 1982; Burg et al., 1987; Ribeiro et al., 1990; Quesada, 1991; Quesada et al., 1991 Quesada et al., , 1994 . Continental collision followed earlier subduction and subsequent closure of an intervening ocean (Rheic), culminating in the formation of a major arcuate orogenic belt: the Ibero-Armorican Arc (IAA, Figure 1a ) [Matte and Ribeiro, 1975; Matte, 1986; Dias and Ribeiro, 1995; Ribeiro et al., 1995] . This large-scale structure is characterized by complex crustal imbrication and tectonic piling due to orthogonal convergence in the frontal areas of the IAA (now preserved in NW Iberia) and by dextral and sinistral transpression in Armorica and SW Iberia, respectively.
[3] The pre-Mesozoic geodynamic evolution of SW Iberia is still not well understood because a great deal of information is still missing regarding structure/tectonics, petrology (igneous and metamorphic), geochemistry, isotopic dating and palinspastic reconstruction. However, the recognition of major terranes in SW Iberia seems consensual and comprises (Figure 1b) , from SW to NE, the South Portuguese Terrane (SPT), an ophiolitic terrane (which includes the Pulo do Lobo Unit and the Beja-Acebuches Ophiolitic Complex, BAOC) and the Iberian Terrane, which in SW Iberia corresponds mostly to the Ossa-Morena Zone (OMZ) . The boundary between the OMZ and the SPT has been interpreted as a major Variscan suture in SW Iberia, because it comprises ophiolitic rocks of the BAOC and Pulo do Lobo Unit, accreted to the Iberian Terrane during northward subduction of the Rheic [Munhá et al., 1986; Matte, 1986 Matte, , 1991 Crespo-Blanc and Orozco, 1988; Ribeiro et al., 1990; Quesada, 1990 Quesada, , 1991 Quesada, , 1992 Crespo-Blanc, 1992; Fonseca and Ribeiro, 1993; Quesada et al., 1991 Quesada et al., , 1994 Fonseca et al., 1999] . The best preserved structures affecting both BAOC ophiolitic rocks and the northern adjacent OMZ continental domains exhibit top to north sense of shear, which has been interpreted as thrusting before the present work [e.g., Fonseca and Ribeiro, 1993; Quesada et al., 1994; Fonseca et al., 1999; Ribeiro et al., 2007] . Peak metamorphic conditions in the OMZ comprise high-pressure/medium-temperature (HP/MT) in the west and HT/LP in the Aracena Metamorphic Belt (AMB, Figure 1b) , to the east [e.g., Bard, 1977; Díaz Azpiroz et al., 2006, and references therein] . Such differences and lack of more complete information show the great need for further study and clarification concerning the regional tectonometamorphic evolution of the SW Iberian Variscan orogen. Julivert et al. [1974] and Díaz Azpiroz et al. [2006] ). CIZ, Central Iberian zone; OMZ, Ossa-Morena zone; SPT, South Portuguese terrane; BAOC, Beja-Acebuches ophiolitic complex; AMB, Aracena metamorphic belt; OD, oceanic domain; CD, continental domain. Oliveira et al. [1992] and structural data from the present study). (b) Schematic cross section of the southern branch of the Iberian Massif (SW OMZ), depicting the crustal architecture of the OMZ-SPZ suture zone. SPT, South Portuguese Terrane; PLT, Pulo do Lobo Terrane; OMZ, Ossa-Morena Zone; BAOC, BejaAcebuches Ophiolitic Complex; BIC, Beja Igneous Complex. Structural data are from Fonseca and Ribeiro [1993] , Araújo et al. [2005] , and present work. [4] Previous work in SW OMZ [Carvalhosa, 1965 [Carvalhosa, , 1972 Carvalhosa and Zbyszewski, 1991] led to the general outline of several main cartographic units ( Figure 2a ): (1) a gneissic unit; (2) a marble unit showing frequent intercalations of different types of metabasic rocks; (3) a metapelitic unit mainly composed of graphitic schists, garnet/quartz-feldspar micaschists and intercalations of different types of metabasic rocks (regionally known as the Série Negra formation, SN); and (4) another metapelitic unit mainly comprising greenschists and micaschists (regionally known as the Xisto de Moura formation, XM). These units are in contact with two main igneous complexes ( Figure 2a ): a granitic massif (regionally known as the É vora Massif, EM), and a gabbrodioritic igneous complex to the SW (regionally known as the Beja Igneous Complex, BIC). In SW OMZ, the nature of the contacts between the mapped metasedimentary units is tectonic.
[5] The age of the mapped units is mostly unknown because of the lack of lithostratigraphic markers and isotopic dating. Nevertheless, some authors have suggested a Proterozoic age for the SN micaschists, a Cambrian age for the marbles [Carvalhosa, 1972 [Carvalhosa, , 1983 Teixeira, 1981] and a Silurian age for the XM metapelites [Piçarra and GutierrezMarco, 1992] , mostly based on regional correlations with lithologically similar units in eastern OMZ. Previously, reported isotopic ages focused only on the BIC. Dallmeyer et al. [1993] reported Ar 40 /Ar 39 cooling ages between circa 342 and 346 Ma, obtained from hornblende concentrates, and Pin et al. [1999] reported U/Pb crystallization ages of 350 ± 4 and 352 ± 4 Ma, obtained from zircon concentrates (Table 1) .
[6] The main planar-linear tectonic fabric that regionally affects pre-Mesozoic rocks in the SW OMZ has been described as a gently NNE to NE dipping mylonitic foliation with a NNE-SSW trending mineral stretching lineation Araújo et al., 2005] . This tectonic fabric was attributed to a first deformation phase (D1 of Fonseca and Ribeiro [1993] and Araújo et al. [2005] ), although it is not at the highest metamorphic grade. The deduced sense of shear is top to north. Locally N-S trending folds occur close to the contact with the stronger BIC and show an anomalous orientation relative to the general trend of the SW Variscan suture (e.g., Serpa and Alvito structures, Figure 2a ).
[7] Previous work on metamorphic evolution and geochemistry focused mainly on HP metabasites , on BIC and on some marbles [Gomes, 2000] . However, the mineral assemblages defining the pervasive foliation and associated microstructures observed in the country rock units generally show retrogression under greenschist facies conditions. BIC rocks show a calc-alkaline signature [e.g., Ribeiro et al., 1979; Martinez and Ibarguchi, 1983; Santos et al., 1987 Santos et al., , 1990 Quesada et al., 1994; Jesus et al., 2007, and references therein] , which has been interpreted as evidence for orogenic magmatism associated with northward subduction beneath the SW OMZ margin. Fonseca et al. [ , 1999 have suggested that the eclogites evolved from $450 -500°C/1.0 -1.2 GPa to $650°C/1.4-1.6 GPa (eclogite facies), before being retrogressed to $600 -500°C/1.1 -0.6 GPa (barroisitic stage) and $400-500°C/0.4 -0.5 GPa (greenschist/epidote-amphibolite facies). Fonseca et al. [1999] proposed that the mafic eclogite protholiths derive from tholeiitic basaltic magmas of continental affinity, and interpreted this as the result of a contribution of continental crust to ascending MORB-type magmas. Most of the observed rocks record late low-amphibolite to greenschist facies metamorphism, and/or pervasive thermal recrystallization due to two episodes of contact metamorphism [e.g., Santos et al., 1987 Santos et al., , 1990 Dallmeyer et al., 1993; Fonseca et al., , 1999 Pin et al., 1999; Gomes, 2000; Rosas, 2003] . Therefore, their main mineralogical composition and texture reflect these metamorphic conditions, corresponding mostly to granoblastic textures, and only poorly preserved dynamic recrystallized fabrics.
[8] The origin of the rock units in the OMZ is mostly unknown due to the absence of reliable sedimentary, stratigraphic and geochemical constraints. Nevertheless, previous authors agree that the most probable geological setting for the origin of the metasedimentary rocks in the southernmost OMZ domains corresponds to a passive margin, in which the marbles would represent a lower Paleozoic carbonate shelf [e.g., Quesada, 1990 Quesada, , 1991 Quesada, , 1992 Fonseca and Ribeiro, 1993; Quesada et al., 1994] .
[9] In this work, we present new detailed structural/ tectonic, petrologic, and isotopic data to constrain the tectonometamorphic evolution of the SW OMZ. Field data show that the gabbro-diorite (BIC) and granodiorite (EM) intrusions have different ages: (1) contact metamorphism due to BIC intrusion affected rocks and structures older than circa 350 Ma, but recrystallized rocks were subsequently affected by post-BIC shear deformation and retrogression and (2) in contrast, the EM granodioritic rocks postdate most pre-Mesozoic deformation in SW OMZ. Therefore, we dated BIC and EM intrusions, and the host rock to constrain the age of the main tectonic events. On the basis of key overprint relationships between structures, on new isotopic data and on the discovery of new evidences of HP meta- morphism, we discuss the previously proposed interpretations for the geodynamic evolution of the SW Iberian Variscan orogen. We show that an alternative interpretation comprising postorogenic collapse and exhumation of highpressure rocks is more suitable to explain the presently available data.
Metamorphism
[10] Two types of metamorphism have affected the rocks in SW OMZ: regional and contact metamorphism.
Regional Metamorphism
[11] Despite both metabasic boudins and host rocks (marbles and micaschists) recording the same late retrometamorphic evolution to low-amphibolite/greenschists facies, some of the metabasites still record an earlier HP metamorphism. This is the case of new findings of blueschists intercalated in sheared marbles (Figures 2 and 3) . The blueschists (Figure 3 ) are characterized by two mineral assemblages: an early assemblage consisting of garnet (spessartine, pyrope) + blue amphibole (glaucophane) + epidote (pistacite) + quartz + rutile, in which garnet occurs as poikiloblastic idioblastic grains, with small-sized inclusions mainly consisting of quartz, epidote, amphibole and rutile. A later retrogressive assemblage consists of replacement of glaucophane with submicroscopic symplectites and of retrogressive blue-green amphiboles (winchite) overgrowing glaucophane. Matrix rutile is rimmed by ilmenite. Further retrogression is also marked by the growth of abundant pale green chlorite, minor plagioclase and carbonate, and numerous, tiny, square-to lozenge-shaped opaques in the matrix. The early paragenesis (Grt-Gln-Ep-Qtz) is a typical assemblage of blueschist facies [e.g., Evans, 1990] , stable in the range 400-500°C, 0.8-1.6 GPa. Unfortunately, it is not possible to give more precise estimates, since classical geothermobarometers are lacking for the studied assemblage. Decompression is marked by the growth of sodic-calcic amphiboles, albite and magnetite, requiring extensive hydration after peak P-T conditions. Because of Photomicrographs depicting the early HP mineral assemblage, mainly including garnet (Grt) and glaucophane (Gln) preserved inside a retrogressed matrix (greenschist facies) mostly composed of chlorite ± actinolite ± epidote (cross polarized light, CPL). the lack of actinolite, the retrograde paragenesis belongs to the albite-epidote amphibolite facies, rather than to greenschist facies, indicating that retrogression took place at relatively high P-T conditions (about 0.6-0.8 GPa, 450 ± 50°C) [Ernst, 1979] . Chlorite and submicroscopic intergrowths extensively replacing glaucophane (but leaving fresh winchite) postdate this stage and could potentially belong to the greenschist facies.
Contact Metamorphism
[12] Regional metamorphism is locally overprinted by HT contact metamorphism due to BIC and EM intrusions. Contact metamorphism eventually led to the formation of migmatites in the country rocks (Figures 4a and 4c ) and/or pervasively recrystallized the early tectonic foliations, which in some situations were replaced by subhedral to euhedral granoblastic textures (Figures 4f -4h , 4k, and 4l).
Isotopic Data
[13] In this work we present new isotopic data for EM granodiorites and SN micaschists in order to set landmarks for the most important tectonometamorphic events ( Table  2 ). The K-Ar age determinations were conducted at the Geochronological Research Centre of the University of São Paulo, Brazil, using techniques described by Amaral et al. [1966] with modifications. K analyses were by flame photometry with a Micronal B-262 machine, using a lithium internal standard. Ar extraction was made in a high vacuum system with pressure usually less than 10 À8 mm/Hg. Isotopic analysis of the purified argon was made in MS-1 Nuclide mass spectrometer, now completely modified. All ages were calculated with the decay constants recommended by Steiger and Jager [1977] [15] 1. Hornblende concentrate from EM granodiorites yields an age of 318 ± 11 Ma. These granodiorites preserve an isotropic texture and intrude the SN micaschists, cutting and metamorphosing the pervasive retrogressive fabric. This means that the host rock was already significantly colder than the granitic magma (Figures 4a and 4b ).
[16] 2. Muscovite concentrate from SN micaschists yields an age of 358 ± 11 Ma. These rocks exhibit a microtexture characterized by a pervasive foliation defined by the coplanar alignment of feldspar and coarse mica grains. The mica (dated muscovite) shows an inclusion pattern of refractory graphite, defining a folded internal foliation (Figures 5 and 6) .
[17] Because the EM granodiorite does not show any evidence of postcrystallization transformations, and the closure temperature (T c ) for Ar in hornblende is 450 -500°C [Dodson, 1973] , the K-Ar age of circa 318 Ma represents the best estimate of cooling age at 450 -500°C, which should hence be close to the crystallization age.
[18] The muscovite in the dated micaschist is coarse, clearly visible in hand specimen, mostly millimeter in size. Because there is no evidence for postkinematic recrystallization of the muscovite, this means that the dated micas have not been significantly size reduced by shear or dynamically recrystallized, which is attested by the preservation of earlier deformation patterns inside the grains. Commonly, the analyzed micas show gliding along 001 (Figures 10b and 10e), which has been shown by Reddy and Potts [1999] to not influence T c . However, there is some dynamic recrystallization attributed to shearing, with minor neocrystallization of finer grains. This and the coarse grain size could justify the error in the isotopic age. Regarding the meaning of the isotopic age, two critical observations have to be taken into consideration: (1) the temperature of formation of the dated mica should be significantly higher than T c for K-Ar in muscovite, because of the observed pervasive recrystallization of K-feldspar and muscovite from previous deformed graphite-rich metasediments, and (2) shearing has not significantly reduced the grain size of muscovite. According to Reddy and Potts [1999] , processes in which there is no significant change in grain size are difficult to record true deformation ages. Therefore, we conclude that the isotopic age should represent a cooling age, rather than a deformation age. Since T c for Ar in muscovite is $350°C [Dunlap et al., 1991] , the age of 358 ± 11 Ma can be interpreted as close to the metamorphic peak of the event that affected the metasedimentary rocks. Subsequent shear deformation during exhumation brought the dated rocks to greenschist facies conditions, below T c for Ar in muscovite. Isotopic ages from EM and SN are used to constrain different stages of the tectonometamorphic evolution in SW OMZ.
Structure and Tectonics
[19] In this section we present the key structures, their geometry, sense of shear and metamorphic overprint rela- tionships that we subsequently use as basis to establish a chronological sequence of tectonometamorphic events.
Structures Older Than Circa 358 Ma
[20] Structures of this age must be looked for in rocks that escaped later pervasive deformation and retrogression to greenschist facies: these are typically rocks still recording high-grade metamorphism and/or with minerals refractory to late hydration and retrogression.
Folded Internal Foliation Within Intertectonic Porphyroblasts
[21] The retrogressive planar fabric in SN quartz-feldspar micaschists is mainly defined by the alignment of muscovite, which contours stronger feldspar grains (Figures 5a, 5b, and 6a). Inside these two minerals, an inclusion pattern consisting of a graphite foliation is observed (Figure 5a ), which is often folded (Figures 5c -5f ) and shows no relationship with the external fabric. These overprint relationships strongly suggest that the graphite internal foliation corresponds to a refractory fabric, recording an early polyphase tectonometamorphic event testified by the complex fold geometry (Figure 6b , left). This event was followed by thermal recrystallization and growth of feldspar and mica porphyroblasts, preserving the early foliation as an inclusion pattern (Figure 6b , middle). At mesoscopic scale this thermal event was also responsible for the obliteration of the previous deformation, mostly recorded by relict mylonitic/phyllonitic planar-linear fabrics, often only preserved in the form of a metamorphic layering. A later, retrogressive event was responsible for the formation of the external foliation (Figure 6b, right) . Following the definition of Passchier and Trouw [2005] , these mica and feldspar grains can be classified as intertectonic porphyroblasts, formed between two tectonic events: an early one responsible for the formation and folding of the internal foliation (prograde metamorphism?), and a later one responsible for the formation of the retrogressive external foliation. The mica porphyroblasts are dated here at circa 358 Ma, hence the relict graphite fabric must be older, and so does the HP episode associated with a prograde tectonometamorphic evolution, because the mica age is interpreted as a cooling age, indicative of exhumation.
Amphibolite Boudins and Associated Noncylindrical Folds
[22] The early foliation (higher-grade, mylonitic, see Figures 4d, 4e, 4i, and 4j ) is often associated with boudinage-folding processes studied in detail by Marques and Cobbold [1995] and Rosas et al. [2001 Rosas et al. [ , 2002 , which typically occur in marbles (Figure 7) . The structures consist mainly of noncylindrical folds (including sheath folds) distributed around rigid inclusions (presently amphibolites in the broad sense), corresponding to mesoscopic quarter structures from which top to south shear sense can be deduced (Figure 7 ). The trails of mafic boudins do not cut the mylonitic foliation in the marbles; instead they are contoured by the foliation. However, the early foliation is cut by apophyses born in the BIC (Figure 8 ). This shows that both the mylonitic fabric and the boudinage-folding patterns have formed simultaneously, under top to south shearing, before the intrusion of the BIC (circa 340-350 Ma [Dallmeyer et al., 1993; Pin et al., 1999] ) (Table 1 and Figure 9 ).
Boudins of HP Metamorphic Rocks
[23] In some locations, the mafic bodies observed within marbles and SN micaschists have escaped complete retrogression, and the HP metamorphic parageneses can still be recognized (see map of Figure 2 ). In contrast, the weaker host rocks are pervasively affected by later shearing, hydration and retrogression to low-amphibolite/greenschist facies. This means that the prograde HP metamorphism recorded by the mafic boudins occurred prior to generalized retrogression during exhumation. Taking into account that: (1) sediments with embedded mafic rocks were subducted to great depths, (2) subduction was to the north [e.g., Ribeiro et al., 1979; Martinez and Ibarguchi, 1983; Santos et al., 1987 Santos et al., , 1990 Quesada et al., 1994] , and (3) surface and geophysical soundings show structural features and reflectors dipping to the north, we conclude that southward shearing and the concomitant boudinage correspond to thrusting synthetic with the northward subduction (underthrusting) beneath the OMZ margin. Therefore, the HP metamorphism must have occurred during this deformation, prior to circa 358 Ma, which corresponds to the mica cooling age in the host metapelites, indicative of retrogression and exhumation. The foliation defined by mica in SN micaschists formed under low-amphibolite to greenschist facies conditions, and corresponds to the main tectonic planar fabric that affects the rocks in the detachment zone within SW OMZ (see Figure 2b ). This foliation corresponds to a micaceous mylonite, or phyllonite as defined by Passchier and Trouw [2005] ; it dips, in average, gently to the northeast, and includes a stretching lineation plunging variably between NNW and NNE. The northeastward dip of this pervasive foliation and related shear zones can be depicted from the deep seismic profile presented by Simancas et al. [2003] and from Figure 2b . Only locally and close to the BIC, the foliation strikes closer to N-S (in Serpa and Alvito structures, Figure 2a) .
[25] The age span of the retrogressive mylonitic foliation is yet not fully constrained because (1) the age of the mica defining the phyllonitic foliation in SN is interpreted as a cooling age, rather than a deformation age and (2) deformation may have started at a temperature above T c and certainly proceeded after T c was crossed during exhumation. Therefore, the age depends on the duration and metamorphic evolution during the exhumation stage. However, the upper age must always be older than 318 Ma because the phyllonitic foliation is affected by the EM intrusion at circa 318 Ma.
Shear Sense Indicators
[26] Sections cut perpendicular to the phyllonitic foliation and parallel to the stretching lineation show a variety of classical shear sense criteria, from which consistent top to north shear sense has been deduced ( Figure 10 ). This is in agreement with all previous publications on the SW OMZ [e.g., Fonseca and Ribeiro, 1993; Quesada et al., 1994; Fonseca et al., 1999; Silva and Pereira, 2004; Araújo et al., 2005] . The used indicators are d and s clasts, including mica fish and bookshelf sliding, C-S foliations, C-C 0 associations (Figures 10a -10c and 10e) , and garnet porphyroblasts with internal sigmoidal to spiral foliations (Si) defined by mineral inclusions of quartz, calcite, and opaque minerals (Figures 10d, 10g, and 10h ).
Structures Syn-to Post-Circa 318 Ma
[27] The EM granodioritic rocks postdate all preMesozoic penetrative ductile deformation, because they always exhibit an isotropic texture (see Figures 4a and 4b ) and are only affected by late Variscan fracturing . Close to the EM, the host SN rocks are commonly transformed into migmatites, through partial melting and compositional segregation into alternating quartz and feldspar-rich leucocratic layers, and mica and amphibolerich melanocratic layers (Figure 4c ). The migmatites formed from country rock phyllonites, as a consequence of contact metamorphism, and show no postrecrystallization deformation. Therefore, the tectonometamorphic event that originated the phyllonites in the country rock must be older than the EM (circa 318 Ma). Similarly, the marbles close to the EM were also subjected to static recrystallization recorded by very coarse-grained isotropic textures (Figures 4k and 4l) .
Chronology of Tectonometamorphic Events
[28] On the basis of the structural and metamorphic overprint relationships presented above, we summarize the chronological sequence of the main pre-Mesozoic tectonometamorphic events (TM) in SW OMZ (Figure 11 ).
TM n : Subduction-Related HP Metamorphism and Southward Shearing (More Than Circa 358 Ma)
[29] The oldest tectonometamorphic event recognized is the prograde HP metamorphism preserved in blueschists and eclogites. The reconstruction of the history that followed the HP event is not straightforward because subsequent pervasive retrogression under greenschist facies conditions erased the older tectonometamorphic evolution almost completely. However, some mesoscale and microscale structures may be related with the higher-grade tectonometamorphic evolution. This is the case of the relict graphite fabric found in SN micaschists and of the noncoaxial structures corresponding to the boudinaged-folding patterns observed mostly in the marbles, which indicate transport with top to SSW consistent with subduction toward the north.
[30] Different PT conditions between eclogites, blueschists and some amphibolites, presently very close, may only reflect evolution during the same tectonometamorphic event, although at different lithospheric levels, now brought together by exhumation.
TM n+1 : HT Recrystallization (More Than 358 Ma Ago)
[31] In SN micaschists, this thermal event was responsible for the almost complete recrystallization of an original texture, with growth of mica and feldspar porphyroblasts over a relict fabric recorded by refractory graphite grains. These still preserve a folded internal foliation, which indicates that this foliation was formed and subsequently folded during an earlier tectonometamorphic event.
TM n+2 : Northward Retrogressive Shearing (Circa 358 Ma and More Than Circa 318 Ma)
[32] A shearing event followed HT recrystallization, developing a phyllonitic foliation under low amphibolite to greenschist facies conditions. This foliation dips to north, which associated with top to north sense of shear makes the shear zones ductile normal faults. The zone comprising the north dipping and top to north shearing is here defined as the detachment zone responsible for exhumation of deep seated rocks by inversion of the earlier, subduction-related, thrusts (see Figure 2b) .
TM n+3 : Static Recrystallization and Migmatism (Circa 318 Ma)
[33] A new HT episode imposed posttectonic static recrystallization in the country rock units near the contact with EM, locally erasing most of the previously developed tectonic fabrics.
Geodynamic Evolution of the SW Iberian Variscan Orogen: Discussion
[34] The geodynamic evolution of the SW OMZ has been described in the literature according to four main hypotheses: (1) subduction and synthetic accretion, (2) flake tectonics, (3) transcurrent tectonics, and (4) ridge subduction tectonics. These hypotheses do not take into account postcollisional orogenic collapse, despite what has been described for other areas of the Variscan orogen [e.g., Ménard and Molnar, 1988; Matte, 1991; Malavieille, 1993; Burg et al., 1994] . We propose a new interpretation that incorporates subduction of segments of a continental margin and subsequent postorogenic collapse and exhumation.
[35] Bard et al. [1973] , Matte [1986 Matte [ , 1991 and Simancas et al. [2003 Simancas et al. [ , 2005 have described the tectonic evolution of the Iberian Variscides as a classical orogenic belt, involving northward subduction and synthetic southward thrusting; however, the exhumation mechanisms of the HP metamorphic rocks have not been addressed or explained.
[36] Several authors have suggested northward obduction of an oceanic crust simultaneous with northward subduction beneath the SW OMZ margin [Ribeiro and Pereira, 1986; Fonseca and Ribeiro, 1993; Quesada et al., 1994; Fonseca et al., , 1999 Ribeiro et al., 2007] . They consider the HP metamorphic peak conditions to be associated with top to north sense of shear.
[37] Silva and Pereira [2004] favor the idea of an orogenparallel transcurrent deformation diachronically affecting the whole of the OMZ, through alternating left-lateral transtension and transpression. This deformation would be responsible for the diachronic syntectonic opening and closure of several regional basins, among which the one where the BAOC rocks would have originated. This hypothesis does not take into account oceanic subduction. Bard [1977 Bard [ , 1992 also did not favor subduction of oceanic crust, and rejected the hypothesis of ophiolite obduction. Bard [1992] suggested fast continental rifting in the Silurian followed by continental subduction.
[38] The main tectonometamorphic features characterizing the Aracena Metamorphic Belt (AMB) [e.g., Bard, 1977; Bard and Moine, 1979; Crespo-Blanc, 1987; Crespo-Blanc and Orozco, 1988; Castro et al., 1996 Castro et al., , 1999 Díaz Azpiroz et al., 2006] in the eastern domains of the SW Iberian Variscan suture (see Figure 1b) are noticeably different from the ones described in the present work for the western segment, namely in the following: Figure 9 . Schematic illustration of pre-BIC structural overprint relationships, and deduced partial chronological succession of tectonometamorphic events. 
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[39] 1. The OD rocks in the eastern segment show an inverted metamorphic gradient, higher in its upper levels (granulite facies) and lower at the base (amphibolite to greenschist).
[40] 2. In the east, the peak (main) metamorphic event recorded in rocks from both the oceanic (OD) and the continental (CD) domains is HT/LP. This metamorphic event is dated at circa 380 -370 Ma in the CD [Dallmeyer and Quesada, 1992; Díaz Azpiroz et al., 2006] . In the west, the peak is HP/LT and older than circa 358 Ma.
[41] 3. According to Castro et al. [1999] , the cooling ages of oceanic amphibolites decrease from west (circa 343 Ma) to east (circa 328 Ma).
[42] 4. In the east the deformation affecting both the OD and CD is generally top to south shearing, although in some cases top to north shearing in the CD has also been reported. In the west, the most common deformation is top to north shearing. The interpretation by Castro et al. [1996 Castro et al. [ , 1999 and Díaz Azpiroz et al. [2006] considers the subduction of a ridge underneath the OMZ continental margin, responsible for the isobaric heating of the overriding CD and for the production of boninitic magmas in the lithospheric wedge. The continuation of subduction would have put in contact the heated CD with the underlying oceanic crust of the OD, which would have been heated in this way from its structural top. This would account for the inversion of the metamorphic gradient in the OD, and would also be responsible for the relaxation of the compressive stress regime at the upper plate, with crustal extension in the CD caused by isobaric heating. According to this hypothesis, the structures associated with top to north shearing in the CD would thus be formed between contraction events, recording extensional collapse caused by short-termed thermal relaxation.
[43] In western OMZ, the reported evidence of an HP metamorphic event shows that subduction must be considered as a major step in the Variscan geodynamic evolution. However, no previous work focusing on the SW Iberian suture has addressed or explained the crucial issue that is the exhumation of the HP rocks and their present-day structural position. In the east, the top to south shearing is interpreted as the result of northward subduction, whereas in the West it had not been recognized prior to the present work. In the west, the top to north shearing is clearly retrogressive and pervasively affects the rocks comprising this segment of the suture.
[44] Our interpretation takes into consideration new and previous data to show subduction of a continental margin and continental collision, top to south shearing contemporaneous with subduction, postorogenic collapse and exhumation, and to set an upper age to the Variscan eclogite facies. The critical data that serve as ground for our hypothesis are (Figure 12) (1) subduction toward the north (so far undisputed), (2) structural features and reflectors dipping to north, as shown by surface geology and geophysical soundings [Monteiro Santos et al., 1999; Almeida et al., 2001; Monteiro Santos et al., 2002; Simancas et al., 2003; Pous et al., 2004] , (3) subduction of continental margin sediments with embedded mafic rocks (carbonates with blueschists inside), (4) opposite senses of shear, of different age, associated with the structures developed either during early HP prograde tectonometamorphic events (top to south shearing, TM n ) or during later retrogression (top to north shearing, TM n+2 ), respectively (see Figure 2b ), (5) present occurrence of HP rocks at the surface, and (6) alongstrike variations in metamorphic record. We propose a simpler way of explaining the exhumation of the HP metamorphic rocks, and of unifying observations along the western and eastern segments of the SW Iberian Variscan suture, and (7) extension in the neighboring South Portuguese Terrane with formation of a wide and deep basin between circa 365 and 310 Ma, filled with sediments eroded from the OMZ, and with volcanics. Our interpretation incorporates previously proposed ideas for the whole of the Variscan belt in Western Europe, it follows published interpretations for the evolution of the Caledonides in western Norway [e.g., Norton, 1986; Andersen and Jamtveit, 1990; Andersen et al., 1991] , which include the exhumation of UHP rocks, and for the Himalaya-Tibet [Chemenda et al., 2000; Boutelier et al., 2003] , and it Figure 12 . Schematic summary of the critical data sustaining the presently proposed interpretation for the geodynamic evolution of the SW Iberian Variscides.
follows Ring et al. [1999] in their idea that extension (normal faulting) and denudation combine to exhume deep seated rocks efficiently.
[45] The present hypothesis comprises the stages in sections 6.1-6.4:
Passive Margin Stage
[46] Lower Cambrian continental rifting stage, responsible for the thinning of the precursor OMZ continental crust [e.g., Ribeiro et al., 1990; Quesada, 1990 Quesada, , 1991 Quesada, , 1992 Quesada et al., 1994; Fonseca et al., 1999] . Subsequent formation of the Rheic Ocean was followed by a CambrianSilurian passive margin stage.
Early Subduction/Compressional Stage
[47] This stage is characterized by oblique subduction of the Rheic oceanic slab beneath the SW OMZ margin, by compression in the overriding plate, by subduction erosion and burial of continental segments of the margin, and by HP metamorphism (TM n event, recorded by blueschists and mafic eclogites within marbles and SN metapellites, respectively). The structures formed during this northward subduction stage are associated with southward directed transport, because structural features and reflectors systematically dip to the north. As indicated by the new data reported in this paper, this subduction/compressional stage must be prior to 358 Ma.
Postorogenic Collapse, Extension, and Exhumation of HP Rocks
[48] At this stage effective convergence (compression in the overriding plate) ends, thus horizontal forces cannot support the mountain belt any longer and it begins to collapse. Effective convergence can cease in two typical ways: by continental collision followed by cessation of subduction, or by transformation of roll-forth into roll-back subduction (continuous subduction). Both can set off thermal reequilibration through isotherm recovery in the thickened lithosphere, triggering melting near the suture and producing the BIC magmatism sometime prior to circa 350 Ma. The circa 340 Ma 40 Ar/
39
Ar cooling age means that the BIC was being exhumed at this stage. Thermal relaxation is concomitant with postorogenic extension, through inversion of earlier major underthrusts related to subduction, changing shear sense and exhuming HP rocks. This is supported by the reported evidence of top to north sense of shear in retrogressive metamorphic conditions. Shear sense to north and main shear zones and foliation dipping to north, as shown by large-scale surface and geophysical data, makes shear zones normal faults. Therefore, they should be related to an extensional episode. Top to north and north dipping shearrelated structures define a zone of detachment (see Figure 2b ) that exhumed the negatively buoyant metasediments with embedded blueschists and eclogites. Because it is the latest ductile deformation and lowest grade (accompanying retrogression), we interpret it as postorogenic collapse. Extension must have stopped in greenschist facies conditions because that is the lowest grade in the deformed rocks affected by shearing to north. The Alpine deformation is much attenuated in this region hence the Meso-Cenozoic uplift should not exceed 1 to 2 km. Therefore, isostatic rebound and denudation following extension brought the light roots of the mountain belt to very shallow levels.
[49] Lithospheric extension and exhumation is also recorded in the neighboring terrane to the south. The South Portuguese Terrane (SPT) comprises, from bottom to top [e.g., Mac Gillavry, 1961; Schermerhorn, 1971] , as follows:
[50] 1. Shallow platform sediments are interlayered shales and quartzites with limestones on the top comprising the Phyllite-Quartzite Formation of the Pyrite Belt Domain, with top limestones dated circa 365 Ma and unknown base. These deposits show that a stable shallow platform existed sometime prior to 365 Ma ago in the SPT, which means that there was no significant tectonic activity nearby to perturb the system. A volcano-sedimentary complex conformably overlies this formation.
[51] 2. Volcano-sedimentary deposits are bimodal volcanics and interfingering siliciclastic sediments comprising the Volcano-Sedimentary Complex of the Iberian Pyrite Belt, ranging in age between circa 365 and 335 Ma. These deposits indicate that the platform in NE SPT evolved into a lithospheric-scale rift recorded by bimodal volcanism in the Pyrite Belt Domain, with development of crustal-scale basins/grabens where the volcano-sedimentary complex was deposited. A flysch deposit conformably overlies this complex.
[52] 3. Flysch deposits are thick flysch sequences with age ranging from circa 335 to 310 Ma old, were deposited in a strongly subsiding basin. Mac Gillavry [1961] and Schermerhorn [1971] have concluded that the origin of the detritus comprising the flysch had to be to the north, in the OMZ (which they called the Beja Geanticline). Therefore, topographic relief built up outside and to the north of the SPT during extension. Moreover, remobilised fossils from the youngest flysch vary in age between circa 540 and 410 Ma [Pereira, 1999] . This indicates that the fossils came from outside the SPT, because rocks of those ages are not known to crop out in the SPT.
[53] It is clear from data in the SPT that (1) extensional tectonics took place between circa 365 Ma and 310 Ma ago, because this is the age of the sediments deposited in the opening and deepening SPT trough bordering the OMZ to the south, and (2) the detritus filling the SPT basin were eroded from an uplifting OMZ. Denudation in the OMZ must have been considerable to account for the great amount of detritus deposit in the SPT trough. The continuous supply of OMZ derived detritus to the flysch in the SPT shows that exhumation and denudation in OMZ was very active between circa 335 to 310 Ma ago. Regarding the OMZ immediately to the north, the existing 40 Ar/ 39 Ar cooling ages on amphiboles show that the OMZ rocks were being uplifted in the same time interval, although earlier in the west (circa 343 Ma) than in the east (circa 328 Ma) [Dallmeyer and Quesada, 1992; Castro et al., 1999] . Putting together extension, origin of detritus, uplift, and age of deformation in the two neighboring terranes, we conclude that extension was occurring contemporaneously in both terranes. In the thickened OMZ, exhumation and denudation took place by normal faulting, as shown by the present data. Uplift and denudation of the OMZ seems to have continued until circa 310 Ma ago, the age of the youngest flysch fed by sediments derived from the OMZ.
[54] A new compressional event started around 310 Ma ago, which heavily deformed the rocks in the SPT and reactivated the contact between the SPT and the OMZ as a thrust. The oldest sediments in the SPT set an age limit to the initiation of extension, and hence a limit between compressional and subsequent extensional tectonics, which is around 365 Ma. The early compressional tectonics can still be recognized in the OMZ, as shown here for west OMZ, but cannot be observed in the SPT because rocks older than circa 365 Ma are not known to crop out in this terrane. The youngest flysch sets a limit to the tectonic deformation of the SPT under compression, and thus a limit between extensional and subsequent compressional tectonics, which is circa 310 Ma. This late compression can result from roll-back subduction changing to roll-forth subduction. If the compressional/extensional/compressional tectonic succession is envisaged as the result of flipping between roll-forth and roll-back subduction, this means that subduction to the north was continuous throughout the Variscan. Continued subduction of the Rheic to the north eventually led to subduction-related magmatism recorded in tholeiitic, calcalkaline and shoshonitic bodies in SW OMZ [Santos et al., 1987 [Santos et al., , 1990 . These volcano-sedimentary complexes were dated between circa 350 and 330 Ma by Pereira et al. [2006] .
Final Thermal Reequilibration and Isostatic Rebound
[55] At this stage, continuation of isotherm reequilibration and rise in the lithosphere is more widespread, affecting the light roots of the orogen, and promoting the EM postkinematic magmatism (TM n+4 ), dated in the present paper at circa 318 Ma. As isostatic rebound came to an end, earlier shallow structures were removed by denudation, and dipping of earlier or inverted thrusts decreased significantly.
[56] Our interpretation does not exclude the ''ridge subduction hypothesis''; on the contrary, complements it with new data along strike to the west. Subduction of hot, lighter rocks of an ocean ridge in the east could be responsible for low dipping subduction as presently recognized in part of the southern Andes. As a consequence, (1) metamorphic grade is likely to be of higher temperature, as in the case of the AMB to the east, (2) HP metamorphism (blueschists and eclogites) is unlikely to occur in the east because of the higher temperature of subducted rocks (HP rocks have never been found to the east), and (3) postorogenic collapse and isostatic rebound should be attenuated relatively to the western sector, because mountain roots should be shallower. This could justify the predominance of the compressive (orogenic related) top to south shearing in the east. On the other hand, blueschists and eclogites (HP metamorphism) in the west point to steeper subduction and possible deeper roots of the mountain belt. This would promote more vigorous postorogenic extension and isostatic rebound that would justify the predominance of the inversion-related and retrogressive top to north shearing and the older cooling ages in the west.
